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Til.  SUNMAKY  AKD  llTCilSMCim; 

A.  Ob:ie«U.ivo 

i 

,  \ 

The  state  of  the*  earth's  upper  atmosphere  under  disturbed 
conditions  is  of  con side ruble  importance  for  a  variety  of  military 
applications  ranging  from  artificial  metal  releases  to  high- 
altitude  nuclear  explosions.  In  this  context,  wo  have  been  devel¬ 
oping  new  techniques  for  determining  the  structure  of  metal 
oxide  molecules  and  for  monitoring  their  production  kinetics. 
Emphasis  has  been  placed  on  those  properties  that  control  the 

infrared  emission  of  metal  oxides. that  are  of  special  interest 

/ 

to  ARPA. 

B.  Experimental  Program 

Two  related  but  distinct  experimental  methods  have  been 
employed  to  investigate  metal  oxides:  (1)  cro.ssed-beam  chemilu¬ 
minescence;  and  (2)  laser-induced  fluorescence  of  reaction 
products.  In  the  former,  a  beam  of  metal  atoms  traverses  a  scat¬ 
tering  chamber  filled  with  oxidizer  gas  where  it  reacts  to 


— . 


Pe0anCO  product:,  ,.hc  cWlttwi,)00ceilce 

iB  ",Cn  i,a;'lyJOd  ~o„copic»Uy  no  that  a,e  Jllter,ml.stale 
distribution  of  the  -efcnl  oxide  product  ecu,  bo  determined.  :r„ 
tl.o  letter,  .1  boom  of  motel  atoms  collide  with  »  boom  of  oxidizer 

988  t0  ^  tk°  "etel  oxido  P™duct  that  is  vibratj.onally  and 
rotations liy  excited  but  eleetronicaiiy  unexcited.  Simultaneous!* 
the  output  of  a  pulsed,  tunable  dye  laser  is  swept  in  frequency. 

the  dye  laser  frequency  coincides  with  an  absorption  line 
Of  the  metal  oxide  molecule,  the  molecule  is  excited  to  fluoresce, 
and  the  fluorescent  signal  provides  a  measure  of  the  initial 

population  of  the  freshly  formed  metal  oxide  product, 
ttwod-hcani  chemiluminescence  apparatus,  called 
IAESTAR,  has  been  described  previously .1.2  Briefly,  ,  metal 

beam  is  formed  by  effusion  from  a  molybdenum  oven  heated  with  a 
three-phase  molybdenum-wire  resistance  winding.  A  series  of  heat 
Shields  and  a  water-cooled  copper  shield  surround  the  oven  and 
provide  part  of  the  colimation  of  the  beam.  Aiternatively,  the 
metal  source  in  LABSTAR  is  a  crucible  placed  inside  a  resistance- 
heated  graphite  cylinder.  Although  this  permitted  much  higher 
temperatures,  the  limited  capacity  of  the  crucible  prevented 
extended  runs.  All  work  on  the  group  m  metals  was  carried  out 


H 


with  I  he  molybdenum  ovcm;  all  work  on  aluminum  used  a  stainless 
stce.l  crucible  placed  inside  the  graphite  hen ting  olesnent. 

In  both  erases,  the  oven  source  is  differentially  pumped, 

A  Circinvil.lc~Phill.ips  f ilm-thicknoss  monitor  is  used  to  measure 
the  beam  flux.  Typical  beam  intensities  in  the  reaction  region 
are  10in  atoms/sec. 

The  gas  source  is  commercial  On,  N(>0,  or  Nc0.  In  the  case 
of  ozone  studies,  a  Wclsbach  ox  in  at  or  is  used  to  generate  the  ozone 
that  is  trapped  on  silica  gel. 

For  spectroscopic  work  we  use  either  a  £--m  SPEX  1702  spec¬ 
trometer  or  a  1-m  Interactive  Technology  Inc,  spectrometer , 

A  cooled  S-20  photomultiplier  in  conjunction  with  a  Keithley  417 
picoammeter  drives  a  Leeds  and  Borthrup  strip-chart  recorder  which 
provides  a  record  of  the  chemiluminescent  spectrum. 

In  the  laser-induced  fluorescence  studies  of  reaction  pro¬ 
ducts,^  the  same  LABSTAR  configuration  is  used  with  the  addition 
of  two  arms  to  permit  the  laser  beam  to  intersect  the  reaction 
region.  The  laser  is  a  modified  AVCO  dial-a-line  laser  in  which 
a  pulsed  nitrogen  laser  pumps  an  organic  dye  solution.  We  have 
placed  a  beam  expander  in  the  dye  laser  cavity.  In  addition 
we  use  an  eschelle  grating  (3600  lines/mm)  operated  in  eighth 
order.  With  this  setup  we  obtain  a  narrowing  of  the  dye  laser 
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oat: nut.  from  20  ;4 
The  me*  fal  o 
using  a  Keith ley 
nr.ee  is  applied 
sen  tie- red  Inner 
state  lifetimes. 
•  the  inel-.nl  oxide 


to  0.2  \ . 


id  a  f  Iuovcrccik-u 
fast  boxcar  into 
to  the  opening  of 
light.  The  gate 
Al  tenia  Lively, 
rad i  a t i v e  decay  .i 


in  detected  with  gated  electronic.*? 
g ra tor .  A  delay  of  about.  20 
tho  gate  to  remove  effectively 
in  maintained  open  several  cxei t.ccl- 
by  using  a  narrow  gate  width, 
a  followed  as  a  function  of  time. 


The  latter  mode  permits  the  excited-state  lifetime  of  the  metal 


oxide  molecule  to  he  measured. 


C.  Results  to  Date 

Crosscd-Beam  Chemiluminescence: 

(1)  Ba  +  NOa  yields  the  BaO  A  -  X  band  system  (See  Fig.l) 
from  which  a  lower  limit  to  the  BaO  dissociation  is 

D0°  (BaO)  >  5.74  eV 

(2)  Ba + N20  has  a  visible  band  system  the  same  as 

Ba + 03 .  Arguments  are  presented  that  these  are  triplet  bands 
(See  Fig.  2) 


(3) 


The  reactions  of  group  IIA  metals  with  NO.-, ,  N20,  and 
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1  foot* ft!  w«  di  little  ol*  no  activation  energy. 

(^!)  A  tiigh-rcnolul  ion  study  (Sue  ply  ,1)  of  thu  jv© 

A~x  bands  idioms  blink  the  molecules  are  roknbioimUy  hotter  when 
they  life  v » bratxonnlly  coldci*  and  vi  pu  voi’ca « 

(i»)  The  J  .iO  ohniitilnuiiusaceiice  of  )in+;t08  in  slightly 
polarised  wifi  the  jadstau  configuration.  A  theory  ia  developed 
concern ing  tlio  partitioning  of  angular  momentum  into  internal  and 
translational  degrees  of  freedom  of  the  products  that  accounts 
for  the  OKpar.inie.ntal  observations. 

(C)  The  cross  sections  for  Ua+HOy  .arc  quite  large 
(*  165  }*)  while  !Ja+Mao  is  less  than  gas  kinetic. 

(7)  Sr  does  not  react  with  oa  to  form  Sro  under  thermal 
conditions;  however,  evidence  is  found  for  two-body  radiative 
association 

Sr  +  Ojj  -♦  Sr02*  -♦  SrOr  +  hv  . 


Two -body  radiative  association  in  found  to  provide  the  dominant 
visible  emission ^  in  the  reaction  Bn  i- c-:,,,  (See  Fig.  4). 


(8)  The  chemiluminescence  reaction  At  I-  03  yields  the 
A(,0  B  nS+  -  X  nE+  blue-green  bands.  This  reaction  in  so  oxo-. 
thermic  that  several  new  band  heads  are  identified,  in  particular 


Hit?  (37,13)  4373  L  the  07,14)  Al.  4534  J.  ll>H?  O  M5)  4,1 

4706  L  tl»e  (10.14)  at  4304  L  the  (10.30)  at  4545  L  tl»© 

(1H.J6)  at  4716  L  the  (11.9)  at  4325  L  11m*  (14.12)  at  4674  ) 
y,e  (IS.  13)  at  46154  X.  Uw  (16.11)  «U  4523  l,  and  Urn  (16.14) 
at  4694  L  fiiw  no.  S. 

(»i)  rrc^s  (Elia  hlghes.sk  v*  level**  that  are  isopulnUid  t»£  the 
AiO  U  ntnte,  a  lower  limit  tu  the  A40  dlnRocJatloa  energy  In  de« 

0 

duced : 


1>*  |M  0)  >5.13*0. 05  <V  . 

witli  tlebormld  and  Innen'  rei n terpre tat 5  on J  of  Tyke's*  continuum 
absorption  onset  to  give  an  upper  limit  of  (AtO)  £  5.20  i 
0.01  c*v  \:o  recommend^  tin?  value 


I>,?(A10)  »  6.15  *  0.05  oV  . 

(10)  The  6 to  B-A  brandling  in  at  leant  an  order  of 

magnitude  wcafcer  than  the  B-X  transition. 

haner-lnduccd  Pluorenccnc©  of  Reaction  Products i 

( l  )  *j*he  method  in  feasible  (See  Fig.  (») .  It 

0 

in  possible  to  learn  about  the  <vV’>")  distribution  of  Bad 


formed  an  the  sanction  Bn  i  Oy. 


9  e 


Vi)  lf»  the  rout*  U  on  m.?s  4  M$mk  yf  tiie 
caraMon  *M«fch«ri»leity  goat  i«t©  mni»3U«fei®in»l  «*«®rg^  rather  than 
inly  IsiferntsJ  *3«oifeatien.  % h Is?  lo  c*ji$ojsl.t©  to  Ut«i  eom?lim Icsmi 

Gmmm'lz I  ant!  hiefe*!7  from  Uicelr  aayular  OJuLf  IbufeJott 

lifcttdUvi. 


(3)  31s**  vibrational  tiifgferllio&ion  follows  a 

Majswen-ifal.l^arim  iUs*tHbntl©a  with  a  temperature  ©E  about; 
2S0@®  Si. 


(4)  Th®  eao  A  stay?  for  v'  g  3  has  a  mllafcivc* 

o 

lifetime  of  350 1  SO  nsec,  la  reasonable  agretnwmt  with  the  recent 
wea en ztmmi t  s  of  <Bfe$ms?oii.^ 
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PICUKB  CAPTIONS 


Fig.  1. 


Cliomi  luroinoscon h  spectra . 


These  spectra  were  taken 


with  the  «V~in  Henthkit  spectrometer. 

Fig.  2.  Chemiluminescent  spectrum  of  Ba+N,,0  at  0.5 -a 

spectral  slitwidth  showing  its  highly  structured 
nature. 

Fig.  3.  Four  (v',v")  bands  from  the  chemiluminescent  spectrum 
of  13a  h  K0a  which  show  how  the  shading  changes  with 
v  .  In  the  (3,0)  band  the  5535  -  A  Ba  line  is  present. 
Fig.  4.  Spectrum  of  chemiluminescence  from  the  reaction  Ba + 
Cl2 ;  The  letter  A  represents  the  6s6p  1p°  -  tic3  1s 


Fig.  5. 


Ba-resonance  3  ine  and  the  letter  B  represents  the  BaC.l 
emission  band-;  (the  ®n-B2  green  system).  The  feature 
less  emission  from  2900  to  6000  A  is  assigned  to 
emission  from  an  excited  electronic  state  of  BaCl0. 


A  £0  B  a2+ 


X  ®2+ 


chemiluminescent  emission 


from  the 


reaction  hi  t-  03 .  The  band  heads  are  designated  by 

(v‘ , v" ) . 


Fig.  6.  The  BaO  fluorescence  signal  as  a  function  of  laser  ’ 
wavelength;  (a)  fast  scan  showing  vibrational 


distribution;  (b)  slow  scan  showing  rotational  dis¬ 
tribution  of  the  (3,0)  band.  The  asterisks  mark  a 


perturbation . 
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